While the benefits of collaboration have become widely accepted and the practice of collaboration is growing within the public health system, a paucity of research exists that examines factors and mechanisms related to effective collaboration between public health and their partner organizations. The purpose of this paper is to address this gap by exploring the structural and organizational characteristics of public health collaboratives. Design and Methods. Using both social network analysis and traditional statistical methods, we conduct an exploratory secondary data analysis of 11 public health collaboratives chosen from across the United States. All collaboratives are part of the PARTNER (www.partnertool.net) database. We analyze data to identify relational patterns by exploring the structure (the way that organizations connect and exchange relationships), in relation to perceptions of value and trust, explanations for varying reports of success, and factors related to outcomes. We describe the characteristics of the collaboratives, types of resource contributions, outcomes of the collaboratives, perceptions of success, and reasons for success. We found high variation and significant differences within and between these collaboratives including perceptions of success. There were significant relationships among various factors such as resource contributions, reasons cited for success, and trust and value perceived by organizations. We find that although the unique structure of each collaborative makes it challenging to identify a specific set of factors to determine when a collaborative will be successful, the organizational characteristics and interorganizational dynamics do appear to impact outcomes. We recommend a quality improvement process that suggests matching assessment to goals and developing action steps for performance improvement.
Introduction
In the United States, the Ten Essential Services of Public Health were designed in 1994 as a framework for the National Public Health Performance Standards Program of the Center for Disease Control and Prevention. 1 Notably, they included the goal of mobilizing community partnerships and action to identify and solve health problems. At the local level, this meant clearly stating the importance of identifying relevant stakeholders and involving them in the process, building coalitions to strengthen human and material resources, and facilitating partnerships among groups and associations, some who may be atypical partners (e.g. organizations outside of public health, for example public safety, business, and schools). 2, 3 With these guiding responsibilities, public health departments are working toward strengthening their network of partners through interorganizational networks in order to better coordinate health services and resources leading not only to less duplication but more substantially, increased cohesion and improved adoption of interventions and programme implementation. 4 More recently, collaboration across sectors continues to be formalized. For example, the Public Health Accreditation Board (PHAB), the governance body that provides guidance to Public Health Departments (PHDs) in preparation to meet the evolving set of standards and measures for voluntary accreditation, published the revised Proposed State/Local Standards and Measures documents, 5 emphasizing collaboration as a core competency. The fourth domain addressed in these standards is Engage the Public Health System and the Community in Identifying and Addressing Health Problems. They emphasize taking inventory of partnerships and demonstrating their relevance to demonstrate improved capacity.
The increased practice of collaboration echoes what is emphasized in the literature. For example, relations that involve the exchange of resources and knowledge among sectors are the norm and certainly the latest trend in successful social service models. [6] [7] [8] [9] [10] [11] Networks of community organizations working for a common purpose are thought to increase community capacity to meet social needs. 10, 12 The benefits of interorganizational community networks include: i) bringing diverse groups and resources together; and ii) addressing issues that no group can resolve by itself. 13 Blau and Rabrenovic 14 found that interorganizational linkages are more important than bureaucratic hierarchies for controlling and coordinating work…linkages are used to integrate programs within a community, coordinate client services, obtain resources, and deal with governmental agencies (p. 328). However, despite these published benefits of collaboration, it is important to note that in addition to the anticipated benefits, collaborations are often characterized by a high-level of dissatisfaction with their actual outcomes relative to expectations, and correspondingly, a high rate of failure (p. 326). 15 This is in large part due to the challenges of collaborating such as transaction costs, potential conflict, and lack of accountability.
This mix of accountability, evidence in research, and experience in
Significance for public health
While the benefits of collaboration have become widely accepted, and the practice of collaboration is growing within the public health system, the ability to measure, document, and strategize to affect practice has been weak. However, the need for evaluation and analysis in these areas is strong because collaboration has the potential to improve the processes of healthcare which can create better outcomes, but also reduce the cost of delivering services by eliminating waste, unnecessary work, and rework. In the case of collaboration, it is important to recognize that both the resources (inputs) and activities carried out (processes) must be addressed together to ensure or improve the quality of care. Once these dimensions are addressed, then practice and policy can be affected through strategic planning, involving the workforce that makes up the bulk of leadership within public health collaboratives (PHCs).
Article practice has in turn led to the rise of public health collaboratives (also referred to as coalitions) as a strategy for addressing the most pressing public health problems in communities. This paper is an exploratory analysis of eleven public health collaboratives. While the benefits of collaboration have become widely accepted, 16, 17 and the practice of collaboration is growing within the public health system, the ability to measure, document, and strategize to affect practice has been weak. 18, 19 However, the need for evaluation and analysis in these areas is strong because collaboration has the potential to improve the processes of healthcare which can create better outcomes, but also reduce the cost of delivering services by eliminating waste, unnecessary work, and rework. 20 In the case of collaboration, it is important to recognize that both the resources (inputs) and activities carried out (processes) must be addressed together to ensure or improve the quality of care. 20 Once these dimensions are addressed, then practice and policy can be affected through strategic planning, involving the workforce that makes up the bulk of leadership within public health collaboratives (PHCs).
Research questions
Analysis to understand and explain the process of collaboration requires an understanding of the relationships among a number of factors (e.g. in a dynamic system with nested levels of interaction. 17 The diversity of these multiple organizations and the varying context that each community contributes to the functioning of these collaboratives creates a level of complexity within public health systems that cannot be evaluated with a single case study or anecdotal analysis. 22, 23 Rather, analysis across a wider range of collaboratives is required to identify determinants of effectiveness in public health collaboration. While the practice of collaboration in public health is on the rise and accepted as an essential practice in the field, the study of collaboration has not kept up. Understanding the process of collaboration, differences among practice, and factors of success is important to ensure that collaboration is conducted with evidence to back up the process. In this paper, we conduct an exploratory analysis of 11 public health collaboratives across the United States. We analyze network data to identify relational patterns by exploring the network structure (the way that organizations connect and exchange relationships). We then take a closer look at the relationships between members in these collaboratives to determine how certain organizational characteristics are associated with outcomes of these relationships such as how frequently partners interact and their perceptions of partners' trust and value to the network. Specifically, we address the following two research questions: RQ1: What are network characteristics of public health collaboratives? RQ2: What are the relationships between network members' characteristics and quality of connections (e.g. trust, value, and frequency of interactions) among members of collaboratives?
Design and Methods

Data collection
This study was an exploratory, secondary data analysis of 11 public health collaboratives chosen from the PARTNER (Program to Analyze, Record, and Track Networks to Enhance Relationships -www.partnertool.net) database. PARTNER is a social network analysis tool used by public health agencies across the country to assess and evaluate their efforts to collaborate with other organizations/agencies across the public health system. These efforts include but are not limited to partnerships for shared programming and/or funding, implementation of interventions and programmes, knowledge sharing, and community capacity building with a diverse range of other organizations/agencies. At the heart of these collaborations is the exchange of resources such as inkind service, health expertise and non-health expertise, funding, data, education, and programmatic services shared to accomplish mutual goals related to public health practice. PARTNER is an online survey and analysis tool designed to measure and monitor collaboration among people and/or organizations. The online PARTNER survey collects data on individual organizational characteristics such as type of organization, length of time participating in the partnership, what resource contributions the organization provides to the collaborative, what outcomes the collaborative focuses on, the perceived level of success for accomplishing collaborative goals, and reasons for successful collaborations. The survey also contains relational questions that ask organizations to identify other organizations in the collaborative that they work with and then asks subsequent questions about how frequently they interact with that organization, the quality of those interactions, and perceptions of trust and organizational value for each partner organization (using three measures of trust and three measures of value). 24 These survey items are listed in Table 1 .
This project was reviewed by the Colorado Multiple Institution Internal Review Board and was deemed exempt and approved for analysis as a secondary data set.
[ 
Sample
The 11 collaboratives used for this study are a purposeful sample, selected from the PARTNER database for their common characteristics. Collaboratives that were most comparable along a set of criteria were selected. These selection criteria were based on the following: i) mission (we chose collaboratives that were focused on addressing a set of identified public health needs in their communities (for example, oral health, early childhood intervention, maternal health, health disparities, and general community health); ii) organizations as the unit of analysis in their data (no individuals were represented in the data); iii) use of the same PARTNER survey questions (or questions that were easily coded to match the PARTNER survey questions); iv) State or local public health department as members of the collaborative. Less than half of these collaboratives had some kind of funding. All collaboratives opted to participate in the PARTNER survey. The 11 public health collaboratives ranged in size from having 16 to 433 member organizations totaling 868 organizations. Of those, 262 responded to the surveys which resulted in 3738 dyadic ties between organizations who were members of the collaboratives. Data were collected between July 2010 and February 2011 in the United States. Response rates for each network dataset (11 in total) ranged from 45% to 100%, with a mean response rate of 76%. While we analyzed each data set at the whole network (collaborative) level in our descriptive social network analysis, we used a different approach in our inferential analysis to account for the variation in response rates. Specifically, because some of the response rates were low enough to cause uncertainty of whether a full representation of the network was attained, 25 we opted to aggregate the data into one dataset consisting of attribute data for the respondent organizations and reported dyadic relationships. Each dyad (N=3738) consisted of two organizations and the measure of interaction between them. In this way, we are able to take a closer look at the way that organizations work together with partners they identify as having a relationship with, rather than comparing across the 11 collaboratives.
Analysis
To address the research questions posed above, we analyzed the data at three levels ( Figure 1 ). First, we described some of the organizational level characteristics of members of public health collaboratives. Then, we describe the 11 collaboratives at the whole network level in terms of their network characteristics using Social Network Analysis (SNA) 14 and descriptive statistics. SNA is a methodology used to gather and analyze data to explain the degree to which network actors connect to one another and the structural makeup of collaborative relationships. 26 We present network maps of the 11 collaboratives and report on whole network characteristics including reciprocity, centralization, and transitivity. 27 Finally, we examined the data at the dyad level (to analyze relationships between each pair of organizations) using Hierarchical Linear Modeling (HLM) and regressions to examine the relationships between network members' characteristics (organization type, members' perceptions of outcome achieved, and members' perception for factors contributing to success) and quality of connections (trust, value, and frequency of interactions). We used HLM to account for the nested features of these data (dyads nested within organizations), specifically to examine how variables measured at one level affect relationships at another. 28 HLM accounts for the dependent nature of nested data using multilevel models to estimate variation on one-on-one organizational relationship (dyad level) outcomes using a restricted maximum likelihood approach. Using this method, the interactions that occur across levels are taken into account and can be estimated.
Results
We used SNA and descriptive statistics to answer research Question 1, What are network characteristics of PH collaboratives?
Organizational characteristics of members of the eleven collaboratives
Organizations represented in these collaboratives include public health, businesses, dental services, educational institutions, faithbased organizations, government organizations, funders, hospitals, law enforcement, non-profit community and advocacy organizations, primary care, health clinics, hospices, professional organizations, health insurance organizations, among others. The role and number of public health departments and specifically how they were embedded in each collaborative structure varied among the 11 groups. The survey asked respondents to rate these organizational partners in terms of levels of trust and value to the collaborative. Overall, funders, primary care/health clinics, hospitals, and public health were rated highest on these two measures by respondents ( Figure 2 ). While public health organizations do not rank highest on value, they have the highest ranking for trust (they were rated as most trusted by their partners). Moreover, independent sample t-tests indicate there is a significant difference between public health and non-public health organizations (total trust, t=3.538, P=0.001).
When asked what types of resources each respondent organization (N=262) contributes to their public health collaborative, the following were reported: community connections (n=189), specific health expertise (n=171), information/feedback (n=166), volunteers (n=116), facilitation (n=106), data sets (n=94), expertise other than health expertise (n=84), paid staff (n=82), in-kind resources (n=74), decision making (n=50), and funding (n=26). Respondents also reported which outcomes were achieved due to the work of the collaborative. The most commonly mentioned outcome was public awareness, followed by increased knowledge sharing, increased resource sharing, community support, increased services, reduction of health disparities, new sources of data, new policies, and finally education. Of these outcomes reported, respondents identified the most important outcomes as increased services to clients (n=66, 24.9%).
Whole network analysis to describe the network characteristics of the eleven collaboratives Figure 3 presents network images of all eleven collaboratives to demonstrate the variation in how these types of networks are structured. In these images, nodes are connected when a formal working relationship exists between the organizations and interaction occurs at least once a year. All collaboratives had unique network structures (Figure 3 ), meaning some were very dense (they had many relationships between the partners) (collaborative 10), while others were less dense (collaborative 9), some included public health organizations (indicated as large nodes) as the centralized members of the network (collaborative 4), others were more clustered by these sector differences (collaborative 10), and still others had structures that consisted of several distinct components (collaborative 4). No two collaboratives had very similar structures.
We used three social network analysis metrics to describe the network characteristics of these collaboratives. These included reciprocity, transitivity, and centralization. Reciprocity is a measure that tells us what percentage of relationships are reciprocated between organizations. Transitivity is a measure that tells us about the level of information flow in a collaborative. Centralization is a measure that indicates how many organizations play central positions (the lower the number the fewer the number of organizations that are central). 27 Across the 11 collaboratives we saw varying levels of all three of these scores. However, we did identify a pattern (Figure 4 ) that indicates that when reciprocity is high or low within a collaborative, transitivity mimics that behaviour. In other words, in these 11 collaboratives, when there is a higher instance of reciprocal relationships in a network there is also a tendency to see greater information flow. On the other hand, when reciprocity is low, information flow (transitivity) is also low. Centralization did not seem to follow any kind of similar pattern among these collaboratives. We also compared the collaboratives at the whole network level in terms of how the respondents reported levels of success. Respondents were asked to answer the question How successful has your collaborative been at reaching its goals? While the top responses included successful (37% of respondents) and somewhat successful (36% of respondents), the variability of these responses within collaboratives was high (20% reported their collaboratives as being very successful, 4% reported completely successful and 3% reported not successful). The responses lacked consensus from respondents in any one collaborative to demonstrate agreement about whether their collaboratives are successful and to what degree.
[ Dyad level analysis
HLM was used at the dyadic level to answer research Question 2: What are the relationships between network members' characteristics and quality of connections (trust, value, and frequency of interactions) among members of collaboratives?
We tested three different types of HLM models to explore whether or not certain organizational characteristics (including an organization's type, their perceptions of success, and reported outcomes) related to three variables that describe the quality of the dyad relationships among members. These include how an organization perceived other members' i) overall value an organization brings to the collaborative (index score of power and influence, level of involvement, and resource contribution); ii) trustworthiness of the organization (index score of reliability, mission congruence, openness to discussion); and iii) how often organizations interact with that member organization (measured as frequency of interaction on a likert scale). We examined independent variables that measured organizational type, perceptions of outcomes achieved, and reasons for success in the collaborative. We found some variables significantly related to the variation in our three outcome variables (Table 2 ). For organizations identifying increased services as one of their collaborative's outcomes, a higher frequency of interaction was predicted. Organizations identifying lower frequency of interaction were businesses, dental, faith-based, funders, law enforcement, and public health. Higher trust and value scores were significantly related to organizations identifying exchange of knowledge information as a reason for success in the collaborative. Businesses, government, funders, hospitals, law enforcement, non-profits, primary care, and public health organizations reported lower trust scores for their partner organizations. Finally, funders, non-profits, public health, and professional organizations reported significantly lower value scores for their fellow collaborative partners.
Finally, we used traditional regression models at the organizational level to explore the second research question in more depth. Specifically, we looked at why some organizations are perceived as more valuable or trusted than others. Using a stepwise regression approach for resource contributions as our independent variables, we found that a few types of resources contributed by member organizations were significantly related to trust and value. Those organizations providing specific health expertise (β=0.250, P<0.001) and paid staff (β=0.250, P<0.001) received higher trust scores and those providing in-kind resources (β= -0.217, P<0.001) were associated with lower level of trust. Organizations providing paid staff (β=0.287, P<0.001) were also more highly valued.
Discussion
This exploratory analysis of 11 public health collaboratives has provided some insight into the demographics, network characteristics, and factors related to quality of relationships among members of PHCs. These findings inform what we know about the structure of public health collaboratives and how some organizational characteristics are related to relationships between members of collaboratives. From these analyses, we have identified the following summative points.
Public health collaboratives are unique in structure, although patterns of characteristics are evident. Overall, we found a high degree of variation among these 11 public health collaborative structures. These results demonstrate the uniqueness among public health collaboratives in terms of who is a member, their frequency of interaction, and the role that each organization plays in the network. Specifically, we were not able to identify a common role that public health agencies play in each collaborative. Some are central to the network, others are evenly embedded throughout the network, and still some find a role on the periphery of the network. Time (not measured) may play a role in these findings. It is not uncommon for a public health department to play a central role early in a collaborative's formation, often as a facilitator/ funder/convener, but as the collaborative matures, this role becomes shared by other members. 24 The findings that transitivity and reciprocity mimic one another in a collaborative indicate that better information flow can occur when members form reciprocal relationships. It is not uncommon that a small set of members take the responsibility for attending meetings, leading subcommittees, and working outside meeting times. When more members participate in these kinds of activities, greater opportunities for reciprocity emerges. Increased reciprocal exchanges in turn will lead to more closed triples (any three members and the relationships between them -the measure of transitivity) and in turn better overall information flow throughout the collaboratives. Differences among organization types in the network are a key factor in how these partners value and trust one another. The many types of organizations that participate in public health collaboratives bring both benefits and a degree of complexity to these collaboratives that make working together a challenge. Mays and Scutchfield, 17 refer to this characteristic as breadth and link this to an opportunity for more and diverse resources. What we learned from this analysis is that different types of organizational partners perceive the trust and value of their partners in unique ways. Funders are perceived as the most valuable in this data set. This is not surprising given that funding is a key factor in the initiation and sustainability of public health collaboratives. 17, 29 While the difference was not significant, it was surprising that public health agencies were not perceived as one of the top three valued organizations, given their prominent and trusted role in public health collaboratives. However, while other organizations might be perceived for their value more frequently, public health is ranked as the most trusted. This is a sign of the important role that public health agencies play in facilitation roles 30 and explain why public health agencies are often identified by members as key players in these types of collaboratives. 24 Differences in perceptions of partners' value and trust of one another can inform practice, specifically when collaboratives are identifying potential roles and functions of members. While it may be surprising that some organizations can be highly valued but not trusted (or viceversa), it could simply mean that organizations play different roles in these collaboratives and it may not be necessary that they play both of these roles simultaneously. The implications of this guide public health collaboratives in strategic thinking about how to leverage organizations with both kinds of characteristics (for example, identifying organizations that are trusted but not perceived as having as much value to fill roles where trust is a key factor for success; or for example, identifying valuable members such as politicians and funders who do not regularly attend meetings (something that often breeds trust) but play important roles in the work of the collaborative (such as making policy change or implementation of programmes). Network members' characteristics play an important role in social exchanges. Certain resource contributions, a network member's perception of outcomes achieved, and identified reasons for success play a role in the quality of partner interactions (the frequency of interaction and levels of trust and value among members). First, a network member's resource contributions seem to influence how they are valued and trusted. The amount and type of resource that members contribute appears to be a factor in how much members trust one another. Organizations providing paid staff and specific health expertise were more trusted in these public health collaboratives, while organizations providing in-kind services received lower trust rankings. It is questionable whether organizations increase their trust levels when they commit paid staff and expertise, or that organizations that have more trust with other members are willing to commit these kinds of expertise. In other words, are members willing to commit more than inkind resources when greater levels of trust exist in the collaborative? In these data, only increased services was associated with frequency of interaction. Other outcomes reported by the respondents were not associated with frequency of interaction. This finding is counter to the process that is most common within public health collaboratives; that is, that meeting regularly with more partners will result in more outcomes. 31 The lack of evidence that meeting more often leads to better outcomes informs future research questions to determine how collaboratives can achieve outcomes and demonstrate success in ways other than adding new members, meeting more frequently, and demonstrating more activity. A focus on demonstrating the quality of interactions among members is the next step in understanding how working together in these processes can lead to more and better outcomes.
Varda and Retrum
Conclusions
One of the difficult aspects of understanding factors to effective collaboration is the variance among the missions, process, and outcomes of each collaborative. While it would be ideal to identify a specific set of factors that will determine when a collaborative will be successful, we found in this study that the unique structure of each collaborative makes this a challenging exercise. The implications of these findings indicate that the research linking collaboration to outcomes must take into consideration the complex system of factors that influence outcomes. This includes the complex organizational and governance structures, variations in goals and processes, and the challenge of measuring outcomes that can be attributed to collaborative activities. Evaluators and researchers should use caution when generalizing about what an ideal collaborative structure looks like and why those factors might lead to successful outcomes, given the complex nature of the nested features of the inputs and outputs that can be considered. The practical implications for taking a systems approach to studying collaboration are evident. While getting a sense of factors that lead to success will inform collaborative practices, it is as important that each collaborative articulate its goals, take account of whether the process they are engaged in gets them closer to that goal, and then develop action steps that help them meet those goals. 32 To engage in this, a quality improvement process should be implemented that includes planning (setting goals), implementing collaborative activities, collecting data on the collaborative process, and analyzing whether the process is meeting the goals. Future work on the evaluation and analysis of collaboratives should take into account differences among collaboratives, specifically the community context (e.g. geography, types of collaborative leadership, funding, governance structures, missions, etc.) as a way to identify factors related to effective collaboration.
This relatively small, exploratory study of public health collaboratives is a modest start to understanding the broad and largely unchartered landscape of public health and community collaboration. From this study, we have articulated a number of future research questions to contribute to our understanding of how working together collaboratively can lead to more and better outcomes. First, further study of how different sectors involved in community collaboratives and their variability in perception of the goals, governance structures, and resource availability (defined as breadth by Mays and Scutchfield 17 ) can provide guidance on how to manage the diversity that comes with bringing together organizations from many sectors. Second, these data showed some evidence that there exists a large degree of variability in member's perceptions of whether their collaboratives have been successful and which factors contribute to success. While we expected to find more consensus within each collaborative of the perceptions of success, we consistently found more disagreement among respondents than agreement. In other words, members of a collaborative vary widely in how they report their perceptions of whether the collaborative has achieved success or not. This leads us to question how members of public health collaboratives are defining success. It appears now that definitions of success include stark differences and a lack of consensus by members regarding whether the work of the collaborative has achieved that success. An important question that needs further examination is How can collaboratives measure their success if perceptions of goal attainment vary so greatly among members? The data from this analysis indicates that exchanging information and knowledge, sharing resources, bringing together diverse stakeholders and informal relationships created were among those reasons most frequently reported as factors associated with successful outcomes, giving us some indication of what leads to success. On the other hand, respondents who reported more outcomes also reported lower levels of success, indicating that perhaps having too many or disparate goals could have an impact on perceived effectiveness of the work. These data represent a small sample of collaboratives selected from the PARNTER dataset. Since this sample was pulled, the PARTNER dataset has grown to include over one hundred similar datasets. Future research includes analysis to answer these and other research questions with a dataset containing a larger number of PHCs. This study allowed us to identify future models to analyze as we explore ways for public health departments to improve their work toward strengthening their network of partners in order to address population health outcomes.
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